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Two Phenotypic Males with XXXXY and XXXY Sex Chromosomes*' By Sajiro MAKING,**' Nobuo TAKAGI,**'
and Masahiro HIKITA* * *' (Comm. by Yoshimaro TANAKA, M.J. A., June 12, 1964) Surprising advances in research in human cytogenetics during the past several years have yielded a tremendous increase of knowledge on sex chromosome aberrations in association with sex anomalies in man. Thus, several sex chromosome variants other than the common XXY sex chromosome constitution have been known to occur in patients with Klinefelter's syndrome. So far as the authors are aware, at least 15 cases of phenotypic males with an XXXXY and 8 cases with an XXXY sex chromosome anomaly have been reported to date. Further, XXYY, XXXYY and mosaics of XX/XXY, XY/XXY, XXXY/ XXXXY and XXXY/XXXXY/XXXXXY have been described to occur in this syndrome, though less frequently.
The present report deals with two patients diagnosed as Klinefelter's syndrome, one having an XXXXY complex and another an XXXY constitution.
The cases seem to be the first to be described in Japanese population: they were found in the course of a sex chromatin screening of mentally retarded children.
Clinical notes: The patient (case 1) was a 12-year-old boy, 142 cm in height and 23.5 kg in weight.
His parents were healthy, and the maternal and the paternal ages at the time of the patient's birth were 21 and 25 years, respectively.
He had widely spaced eyes characterized by a divergent strabismus and mongoloid slant. The nasal bridge was broad and flat, and the maxilla was hypoplastic, consequently the mandible was prognathic.
The teeth were short and peg-shaped, and widely spaced in arrangement.
The palate, neck and chest were normal in appearance.
The elbow-joints had a limited supination due to the bilateral radio-ulnar synostosis. The fifth fingers were short and curved in both hands. The penis was small, 4 cm in length, showing pseudophimosis.
The scrotum was normal in size, but testes were extremely small for his age. The patient showed a severe mental deficiency, the intelligence quotient being 30. The [Vol. 40, urinary gonadotropin excretion was remarkably high, while the 17-ketosteroids were within a normal range. Testicular biopsy revealed that almost all seminif erous tubules were atrophic in structure: they were provided with hyalinized basement membranes and no recognizable germ cells.
The second patient (case 2) was a 16-year-old boy, 163 cm in height, weighing 43.5 kg. He was born the last one of six siblings when both parents were 45 years of age.
The epicanthus was slightly recognizable and the optic f undi were atrophic. The palate was normal in appearance.
He showed a slightly funnel shaped chest, with a marked gynecomastia. The penis was small measuring 4.6 cm in length. The scrotum was normal in size with small descended testes.
No remarkable bone malformation was noted except for lordosis. Testicular biopsy showed that the seminif erous tubules were strikingly atrophic with thick and hyalinized basement membranes.
Almost all tubules studied contained no germ cells. Leydig cells were present in edematous stroma with lipoid granules.
The urinary output of gonadotropin was remarkably high, and estrogen level estimation was beyond normal limits.
Cytological findings: Buccal mucosal smears were made from each patient for examination of sex chromatin, according to the Guard's Biebrich scarlet technique (Guard 1959) . In this study periph- Table I . Results of sex chromatin test heterochromatic bodies adjacent to the nuclear membranes only scored as sex chromatin: 500 nuclei were subjected to exami- Table I : In case 1, cells with , 3 sex chromatin bodies were predominant, whereas cells containing 2 such bodies were found to be most common in case 2. Chromosome slides were made exclusively with leucocytes derived from blood cultures in each patient, according to the method of Moorhead et al. (1960) with slight modification.
About 100 well-spread metaphases were used for chromosome counts in each case. Data obtained are shown in Table II . In case 1, almost all cells under study were found to possess 49 chromosomes. Karyotypes of cells having other than 49 chromosomes were inconsistent in pattern.
Karyotype analysis revealed that the modal cells having 49 chromosomes had consistently 22 normal autosomal pairs with a Y chromosome, and in addition 4 medium-sized chromosomes belonging to group C. On the basis of the number of the sex chromatin as mentioned above, it is most probable that those 4 elements are no other than the X chromosomes.
This makes the sex chromosome constitution of case 1 as XXXXY.
In case 2, the modal chromosome number was found to be 48. A few cells having other numbers showed no karyotypic constancy. The analysis of cells with 48 chromosomes showed that every metaphase cell had 22 autosomal sets, a Y element and three chromosomes belonging to group C. The latter 3 elements resembled in all probability the X chromosome.
The increase of the chromosome number of case 2 is attributable to 2 extra X elements. Two sex chromatin bodies found in buccal smears support these findings. Thus the karyotype consisting of 44 autosomes plus an XXXY sex chromosome constitution was established in case 2.
Remarks: Several previous authors (Barr et al. 1962 , Scherz and Roecke11963, Day et al. 1963 , Prader et al. 1964 ) have reviewed cases with an XXXXY sex chromosome constitution, and have suggested the existence of an XXXXY syndrome which could be distinguished from the regular Klinef elter's syndrome by the peculiar clinical features.
The most frequently observed symptoms are: (1) severe mental deficiency, (2) hypogenitalism such as hypoplasia of the penis and scrotum, cryptorchism, prepuberal dysgenesis of seminif erous tubules, and (3) skeletal malformations including radio-ulnar synostosis and clinodactyly of fifth fingers.
The other less frequent features reported in these cases are strabismus, epicanthus, slanting eyes, hypertelorism, microcephaly, brachycephaly and hypotonia which are reminiscent of Down's syndrome. Some of the above mentioned features were also noted in case 1 with an XXXXY sex chromosome constitution, except for the descended testes and normal scrotum. Phenotypic expression of the XXXY case is characterized by moderate or severe mental retardation and small testes, and less frequently by gynecomastia which are common in usual chromain positive Klinef elter's syndrome with an XXY sex mechanism.
The clinical findings in the present case are in agreement with the general pattern described in previously reported cases.
Origin of the XXXY and XXXXY sex chromosome constitutions has been excellently discussed by previous authors (see Pf eiffer 1962) . In theoretically possible events leading to this type of chromosome anomaly, are various types of maternal and paternal meiotic and mitotic non-disjunctions occurring in an abnormal or normal zygote. To date, no cytological demonstration has been made to answer for the above phenomena.
Recently Barr et al. (1962) and some othors have carried out experiments to illustrate the related problems in X-linked antigen Xga. Further discussion on the relationship between clinical features and chromosomal conditions in the related subjects will be published elsewhere after the accumulation of much data.
